The purpose of this study was to determine whether the elevated risk for low birth weight (LBW) infants among black mothers would persist when biologic, behavioral, and socioeconomic factors (as measured by socioeconomic status, level of education, and marital status) were controlled. It was found that the odds ratios for the risk of LBW for blacks/whites persisted above 1.5, regardless of what subgroups were used and what factors were controlled. The black/white odds ratios were, however, less than 2.0 when cigarette smoking was not a risk factor and higher than 2.0 when it was. In fact, the highest odds ratios, up to 2.65, occurred among the smoking group. These data suggest that smoking may have a more strongly negative effect among black than white pregnant mothers. In general, the effect of race on the LBW risk was much less strong than that of risk factors that can be influenced, such as adverse maternal practices.
developed a method of grouping risk factors that simplified the analysis of conditions occurring singly or jointly [3] . The present study included 2,736 live-born, singleton infants and their mothers who delivered at the University of Kansas Medical Center over a three-year period. The objective of this study was to determine conditions which might account for the higher incidences of LBW infants among blacks than among whites.
Independent variables that may affect the rate of low birth weight can be grouped under three headings: a group of biologic conditions that occur sporadically (defined here to mean that they occurred only in some pregnancies), seven biologic variables that are present in all pregnancies, and socioeconomic status. Biologic conditions that occur only in some pregnancies include 28 risk conditions in Table 1 and a low-risk group, defined as the absence of these 28 risk factors. The seven biologic conditions present in all pregnancies that are known to affect birth weight include: gestational age and sex of infant, and maternal race, age, parity, height, and weight-height ratio at conception [4, 5] . Socioeconomic status (SES) is measured in various ways. Here we have measured SES by: socioeconomic level of the head of household, the marital status of the mother, and the years of school completed by the mother. Our plan of study was to determine the risk of low birth weight by race within the groups of sporadically occurring risks as shown in Table 1 , while controlling for SES. In addition, the seven biologic factors were not omitted, because those mothers showing extremes in age or weight-for-height at conception were defined as having high risks (Table 1 ). The frequency of the baby's gender did not differ significantly by race. Black mothers were, on the average, slightly heavier than white mothers and had a somewhat higher parity, both of which should have favored black mothers slightly in terms of their infants' birth weights. A more detailed study of the effects of the seven biologic conditions on pregnancy outcomes will be described in a separate report [6] . Table 1 bHigh-risk: categories 2, 3, and 4, Table 1 Chi-square on four degrees of freedom = 6.294; p = 0.1783 adverse maternal practices were assigned to category 4. Mothers with none of the four categories of risk factors were considered low-risk and were analyzed separately. The socioeconomic status (SES) of the head of household was based on the economic level and occupation of the head of household and on the years of schooling completed by the mother. Occupations were based primarily on Taylor's classification [7] . Economic levels of the heads of household were determined by the Admitting Office of the University of Kansas Medical Center and were based on a directive established by the United States Department of Labor [8] .
Four socioeconomic groups were used in this study. Heads of households in groups I and II paid full hospital costs and physicians' fees; mothers in group I had completed thirteen or more years of school, and almost all heads of household were in professional or executive positions; mothers in group II had completed twelve or fewer years of school and almost all heads of household were in manual, clerical, secretarial, or sales positions. Heads of households in group III were mainly in manual or service positions, and either had their hospital and physician charges discounted or limited to third-party payments. Heads of household in group IV either were unemployed or on welfare. Three mothers had been admitted to the psychiatric unit of the medical center, and it was not possible to determine the SES for them.
These data were examined as log-linear models, using PROC FUNCAT in the Statistical Analysis System (SAS) at the Yale Computer Center. The likelihood ratio estimates were used. The central focus on the analysis was to determine if there was an interaction between race and another factor (e.g., SES) in explaining the distribution of low birth weight, and, if not, whether race and/or SES were statistically significantly associated with the risk of LBW when the other factor was controlled. Also, the log-linear estimate of the odds ratio for the SES variable and for race were determined. Because of the way PROC FUNCAT performs the calculations, the provided estimate was multiplied by two (which is what is shown in the tables) and then the antilog (natural logarithm) was taken to obtain the odds ratio, controlled for the other independent variables in the equation.
The odds ratio is used to estimate the risk ratio in a multiway table analysis, because it can be estimated while controlling for the other independent variables. The odds Table 1 bHigh-risk: categories 2, 3, and/or 4 in Table 1 ratio will be a slight overestimate of the risk ratio when, as here, there is a nonnegligible incidence rate. RESULTS The frequencies of low-and high-risk pregnancies were not significantly different in white and black mothers ( Table 2) . Low-risk pregnancies occurred in 38 percent of 1,864 white mothers and in 36 percent of 872 black mothers. None of the pregnancies in this study had adverse environmental factors as described in Table 1 black pregnancies. There were no multiple pregnancies because the study only examined singleton deliveries. Medical and obstetrical complications of pregnancy were observed in 15 percent of white mothers and 13 percent of black mothers, and adverse maternal practices were present in the pregnancies of 46 percent of white mothers and 50% of black mothers. The incidence of LBW infants was consistently higher among black than white infants in both low-and high-risk groups as shown in Table 3 . In the low-risk groups, 3.9 percent of 311 black infants were LBW compared to 2.0 percent of 711 white infants. Infants born to high-risk mothers with fetal factors in their pregnancies constituted only one percent of the total number of infants in the study, but the incidence of LBW infants were the highest, being present in 19 percent of 21 white infants, and in 46 percent of 11 black infants in this category. In the high-risk group with medical or obstetrical complications in their mothers' pregnancies, 21 percent of 283 white infants were LBW and 30 percent of 113 black infants were of LBW. The largest number of LBW infants were born to mothers who had adverse practices: 56 (6.6 percent) of 849 white infants born to mothers with adverse practices were LBW and 56 (12.8 percent) of 437 black infants were LBW.
The largest group of high-risk mothers had only a single adverse maternal practice. The number of mothers with a specific type of adverse practice varied widely, as shown in Table 4 . For example, none of the white or black mothers in this study had alcoholism or drug addiction as a single factor, and absence of prenatal care as a single factor was observed only in two white and four black mothers. The numbers of mothers over 34 and under 17 years of age at delivery as the only factor, and those underweight for height at conception as the only factor, were too few in number for separate analysis. There were more mothers whose only adverse practice was low weight gain during pregnancy, and the incidence of LBW black infants in this group was 7 percent compared to 5 percent for the white infants in the same group. Cigarette smoking during pregnancy was the adverse practice for 81 percent of white and 70 percent of black mothers with only a single adverse practice. The incidence of LBW among infants of black smoking mothers was 12 percent compared to 5 percent among infants of white smoking mothers. The incidence of LBW infants among mothers who smoked cigarettes only during part of their pregnancies was lower, being 4 percent among white infants and 7 percent among black infants. The incidence of LBW infants was higher among mothers who smoked throughout their pregnancies, being about 5 percent among white infants whose mothers regularly smoked one or more cigarettes per day, and 11 percent and 15 percent, respectively, among black infants whose mothers smoked one to nine or ten or more cigarettes per day. The odds ratio for LBW (black-white) was especially high among smoking mothers, raising the question of whether or not black babies are more sensitive to the negative effects of smoking than are white babies.
The effects of socioeconomic status (SES), completed years of school, race, and marital status on the incidence of LBW are shown in Tables 5 thru 10 . The high-risk groups included: mothers who smoked cigarettes throughout pregnancy as their only known risk factor (Table 10) ; mothers whose only known high-risk factor was a single adverse practice (Table 6) ; mothers whose only known high-risk factors were multiple adverse practices (Table 7) ; mothers whose risk factors included medical and obstetrical complications of pregnancy (Table 8) ; and mothers whose risk factors included medical and obstetrical complications plus adverse practices (Table 9 ). Table  5 shows the risk of low birth weight in infants of mothers who had no known high-risk factors. In all of these tables, white mothers had higher levels of SES, more completed years of schooling, and were more likely to be married than were black mothers. With rare exceptions (which were usually in cells with small numbers), the higher incidence of LBW in blacks was maintained even when the analysis of the multiway table The central question addressed in this study was whether the effect of race (black versus white) on low birth weight (LBW) persisted when the effects of both risk factors and socioeconomic status (SES) were controlled. A careful search for risk factors and careful measurement of all of the babies formed the data used in this analysis. Risk factors were controlled by doing a separate analysis controlling for SES, education, or marital status and for race within each of six different risk groups. This kind of analysis was made possible by the large number of babies studied.
The most impressive finding was the persistence of a positive and relatively constant odds ratio for race throughout the analysis (Table 10 ). Overall, blacks had a 73 percent higher risk of delivering a LBW baby ( Table 3 ). The black:white risk ratio was Tables 5 through 9 . As shown in Table 10 , the magnitude of the odds ratio varied from 1.61 to 2.65, with the median odds ratio being 2.08. Because the distribution of risk factors was similar in the two racial groups (Table 2) , and there was no interaction between risk factors and racial grouping,' it is not surprising that the odds ratio for race persists when risk factors are controlled. The importance of controlling for risk factors when considering any other effect can be seen from Table 3 , because the effect of risk factors was considerably higher than the effect of the independent variable, race.
The primary question addressed in this study was whether the higher risk of having ' The interaction tested for here is that which would alter the risk ratios, as discussed by Kleinbaum, Kupper, and Morgenstern, Section 19.3.1 [13] . Because the focus of this paper is the relative risks of LBW to black versus white mothers, with the other factors controlled, this model of interaction was deemed appropriate. Tables 5 through 9 , where neither socioeconomic status, years of schooling, nor marital status were statistically significant when risk factors and race were controlled. It is possible that the apparent socioeconomic effect seen in other studies can be explained by a differential distribution of the risk factors in Table 1 among different socioeconomic groups.
Apparently there are still factors associated with race that predict LBW even after biologic and socioeconomic risk factors are controlled. Either the unexplained factors associated with a higher rate of LBW to blacks are biological, or they are social/ economic/behavioral factors not measured here.
Other studies that have controlled for age and/or socioeconomic status or prenatal care have also reported the persistence of an effect of race [9] [10] [11] [12] . Although these studies did not control for all of the clinical and behavioral risk factors used here, the conclusions were similar. Thus, one of the contributions of this analysis was to show that the differences persist even when the further step of controlling for biologic and behavior risk factors was accomplished. As stated in the Institute of Medicine study (summary), the reasons for the higher rates among blacks are not clear. One possible preventable reason suggested by this study was that black women may have a more negative effect from cigarette smoking than do white women. Because black babies have as good (or better) birthweight-specific survival as white babies of similar weight, the task of controlling neonatal mortality can be seen as one of preventing low birth weight.
The encouraging aspect of this study is that the risk factors other than race, which are better understood and are often sensitive to modification by preventive and/or therapeutic efforts, are far more important than is race per se. Nevertheless, any factor that increases the risk of low birth weight by 50 percent or more is important to study, in the hope that components of this risk can be understood and modified.
We cannot rest comfortably with the assumption that the effect of race on the risk of LBW can be dismissed as due to socioeconomic factors. More detailed study is needed. In a subsequent report we will examine the effects of specific biologic factors that might account for the higher incidences of LBW black infants.
